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Abstract
In this paper we attempt to understand the role of tin and carbon in mag-
netic interactions in Mn3SnC. Mn3SnC exhibits a time dependent magnetic
configuration and a complex magnetic ground state with both ferromagnetic
and antiferromagnetic orders. Such a magnetic state is attributed to presence
of distorted Mn6C octahedra with long and short Mn–Mn bonds. Our studies
show that C deficiency increases the tensile strain on the Mn6C octahedra
which elongates Mn–Mn bonds and strengthens ferromagnetic interactions
while Sn deficiency tends to ease out the strain resulting in shorter as well as
longer Mn–Mn bond distances in comparison with stoichiometric Mn3SnC.
Such a variation strengthens both, ferromagnetic and antiferromagnetic in-
teractions. Thus the structural strain caused by both Sn and C is responsible
for complex magnetic ground state of Mn3SnC.
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1. Introduction
In recent times, Mn based antiperovskites have attracted considerable
attention in terms of both fundamental research as well as potential tech-
nological applications. A first order magnetostructural transition found in
∗Corresponding author
Email address: krp@unigoa.ac.in (K. R. Priolkar )
Preprint submitted to JMMM October 18, 2018
these compounds is responsible for many such properties like, large magne-
tocaloric effect (MCE) [1, 2, 3], giant magnetoresistance (GMR) [4, 5, 6], the
invar effect, giant negative thermal expansion [7], near zero temperature co-
efficient of resistance [8, 9], magnetostriction [10] and piezomagnetic effects
[11].
Amongst these antiperovskites, Mn3SnC exhibits a large magnetic en-
tropy change near room temperature (∆Smax ∼80.69 mJ/cm3K−1 under a
magnetic field of 2T), comparable to those observed in contemporary mag-
netic refrigerant materials [12]. Despite its relatively simple cubic structure,
the compound transforms from a room temperature paramagnetic (PM) state
to a high volume magnetically ordered state with a complicated spin ar-
rangement consisting of antiferromagnetic (AFM) and ferromagnetic (FM)
components via a spontaneous first order transition at 280K [13]. The non
collinearity of Mn spins in the transformed state has been attributed to a
novel magnetic structure obtained from neutron diffraction studies. Unlike
in the crystal structure, the magnetic unit cell (a
√
2, a
√
2, a) of Mn3SnC
generated using a propagation vector k =
[
1
2
, 1
2
, 0
]
consists of two types of
Mn atoms. Two of the three Mn atoms present themselves in a square con-
figuration with a net antiferromagnetic moment of 2.4µB per Mn in a plane
perpendicular to z− axis. While, the third Mn atom has a pure ferromagnetic
moment of 0.65±0.15µB along the 001 direction [13]. In contrast, Mn3GaC,
which also undergoes a first order transition has a collinear AFM structure
described by a propagation vector k =
[
1
2
, 1
2
, 1
2
]
[14, 15].
Dynamics of the first order transition in Mn3SnC suggests that all three
Mn spins order ferromagnetically along 001 direction before two of them
align antiferromagnetically in a plane transverse to c axis [16]. Such a flip-
ping of Mn spins causes mechanical strain which is in addition to the strain
produced due to change in unit cell volume at the phase transition. Hence
understanding the magnetic interactions between the Mn atoms and the role
of Sn and C atoms in modifying these interactions becomes important.
Recent x-ray absorption fine structure (XAFS) studies on Mn3GaC have
shown the presence of distortions in Mn6C octahedra which result in long
and short Mn-Mn bond distances, while the Mn-C distance shows negligible
variation across the magnetostructural transition [17]. This indicates that the
magnetic interactions are largely due to Mn - Mn indirect interactions where
the longer Mn-Mn bonds support ferromagnetic order and the shorter ones
aid antiferromagnetic order. Though, distortions of the Mn6C octahedra are
also seen in Mn3SnC, they are slightly different from those seen in Mn3GaC
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and the differences are believed to be due to larger size of Sn as compared
to Ga [13]. This reiterates the importance of understanding the role of C
and Sn atoms in magnetic interactions in Mn3SnC. In order to understand
the nature of magnetic interactions in Mn3SnC and the role of Sn and C
atoms in them, we have prepared two series of compounds, (i) with varying
content of carbon (Mn3SnC1−x, 0 ≤ x ≤ 0.2) and (ii) with increasing tin
deficiency (Mn3Sn1−yC, 0 ≤ y ≤ 0.15). Since Sn and C have no direct role in
the magnetism of Mn3SnC, their presence (or absence) will affect the lattice
strain and/or the magnetic interactions and thus will allow us to understand
the magnetostructural coupling in such antiperovskite compounds.
2. Experimental
Polycrystalline Mn3SnC1−x and Mn3Sn1−yC samples were prepared by
taking together correctly weighed starting materials (Mn, Sn and C pow-
ders) and mixing them intimately in the appropriate molar ratio. About
15 % excess graphite powder was added to compensate for a possible car-
bon deficiency during the reaction [2]. The resulting mixtures were then
pressed into individual pellets and encapsulated each in a separate, evac-
uated quartz tube before sintering at 1073K for the first 48 hours and at
1150K for the next 120 hours. After quenching to room temperature, the
product were powdered, mixed and reannealed under the same conditions
to obtain a homogeneous sample. To achieve carbon deficient samples, the
total carbon content was reduced in steps of 5%. For instance, the stoichio-
metric Mn3SnC had 115% by weight of carbon required and Mn3SnC0.8 was
prepared with 95% of carbon content required as per calculations. The final
carbon content was estimated from CHNS analyzer and the obtained values
are listed in table 1. Room temperature x-ray diffraction (XRD) studies were
carried out using a Rigaku diffractometer with CuKα radiation to determine
the phase formation and purity of the compound formed. Thermal expansion
across the first order transition was measured from XRD patterns recorded
in the temperature range of 25-300K using BL18B at Photon Factory, Japan.
Temperature (5K - 350K) and field dependent (0 - 7T) magnetization mea-
surements were performed using Quantum Design SQUID magnetometer.
Magnetization measurements as a function of temperature were performed
in an applied field of 100 Oe during zero field cooled (ZFC), field cooled
cooling (FCC) and field cooled warming (FCW) cycles. For measurements
as a function of field, compounds were first cooled in zero field to appropriate
3
Table 1: Elemental content, lattice parameter a A˚and transition temperature (Tms (K))
obtained for Mn3SnC1−x, x = 0, 0.05, 0.1, 0.15 and 0.2 and Mn3Sn1−yC, y = 0.05, 0.1
and 0.15. Quantities in the parenthesis are uncertainties in the last digit.
Sample Name Element Content Lattice Transition
Mn Sn C Constant (A˚) Temperature (K)
Mn3SnC 2.98(9) 0.99(3) 1.13(11) 3.9938(1) 284(1)
Mn3SnC0.95 3.06(9) 0.97(3) 1.13(12) 3.9932(4) 284(1)
Mn3SnC0.9 2.98(9) 0.99(3) 0.90(10) 3.9942(3) 283(1)
Mn3SnC0.85 2.98(9) 0.99(3) 0.82(9) 3.9893(3) 277(1)
Mn3SnC0.8 3.01(9) 0.97(3) 0.80(9) 3.9888(5) 270(1)
Mn3Sn0.95C 2.98(9) 0.93(3) 0.96(10) 3.9909(3) 274(1)
Mn3Sn0.9C 2.97(9) 0.91(3) 0.97(10) 3.9896(4) 272(1)
Mn3Sn0.85C 2.99(9) 0.87(3) 0.95(10) 3.9862(4) 248(2)
temperature and the field was ramped in the interval 0 - 7T.
3. Results and Discussion
X-ray diffraction patterns were recorded on all prepared samples. All the
compounds were found to be cubic crystallizing in Pm-3m space group. The
patterns were Rietveld refined to calculate the lattice parameters as well as
check for presence of any impurity phases. Minor impurity phase (∼ 1%)
of graphite was detected in some of the patterns. The lattice parameters
and the contents of Mn and Sn estimated form refinement of XRD patterns
along with carbon content listed in Table 1. XRD patterns of three selected
compositions, Mn3SnC, Mn3SnC0.8 and Mn3Sn0.85, are presented in Fig. 1.
Lattice constant a, shows a general decrease with decreasing C and Sn con-
tent. While the change in a is small with the decrease in C content, a much
larger decrease in a is seen as the Sn content is varied from 1 to 0.85. Such
a variation, especially with C content is also seen in Mn3GaC [18].
Further in the paper, attention is focussed on three compositions, Mn3SnC,
Mn3SnC0.8 and Mn3Sn0.85. This is because, Mn3SnC0.8 and Mn3Sn0.85 show
a maximum deviation in all properties from the stoichiometric compound,
Mn3SnC. This also agrees with the main objective of the paper which is
to understand the role of C and Sn in magnetostructural interactions in
Mn3SnC.
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Figure 1: Room temperature x-ray diffraction patterns for Mn3SnC, Mn3SnC0.8 and
Mn3Sn0.85C. * indicates graphite impurity phase.
XRD patterns of Mn3SnC, Mn3SnC0.8 and Mn3Sn0.85 recorded as a func-
tion of temperature were used to determine thermal evolution of lattice con-
stants across the first order transition. The results can be seen in Fig. 2.
A clear increase in lattice constant at the magnetostructural transition tem-
perature can be seen in Mn3SnC and Mn3SnC0.8 compounds. The change in
lattice volume is of the order of 0.1% and is in agreement with the values re-
ported for Mn3SnC earlier citeDias201548. The transition temperature noted
from the discontinuity in lattice parameters agrees well with that obtained
from magnetization measurements that are reported later. The values of
transition temperature, obtained from magnetization data, are listed in Ta-
ble 1 and indicate a decrease in transition temperature from 284K to 270K
as the C content is reduced from 1.0 to 0.8. In the case of Mn3Sn0.85C both,
5
the transition temperature and the % lattice expansion at the transition are
suppressed. In fact, the transition broadens considerably, extending from
about 275K to 225K. Such a broad transition seen in Fig 2 is also visible in
magnetization measurements on this compound.
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Figure 2: Variation of lattice constant as a function of temperature in Mn3SnC, Mn3SnC0.8
and Mn3Sn0.85C. Arrows indicate magnetostructural transition temperature.
Magnetization as a function of temperature was recorded for all the stud-
ied samples in an applied magnetic field of 100 Oe using zero field cooled
(ZFC) and field cooled (FC) protocols. For ZFC data, the samples were
cooled in zero applied field down to 5K and magnetization was recorded dur-
ing warming in applied field. Magnetization was also recorded in subsequent
cooling and warming cycles giving field cooled cooling (FCC) and field cooled
warming (FCW) data respectively. The data obtained for three representa-
tive compounds, Mn3SnC, Mn3SnC0.8 and Mn3Sn0.85C is presented in Fig.
6
3. For all three samples, magnetization shows a transition akin to param-
agnetic to ferromagnetic transition at about the same temperature as the
volume discontinuity observed in XRD studies indicating it to be a magne-
tostructural transition. Further, presence of hysteresis in the warming and
cooling data indicated first order nature of the transition. Such a transition
was also observed in the magnetization data of the other samples and the
transition temperatures (Tms) are listed in Table 1.
From Fig. 3 as well as from Table 1 it can be seen that, with decrease
in both, C and Sn content, the transition temperatures decrease and this
decrease is much sharper in case of Sn deficient compounds as compared to
carbon deficient compounds. Another aspect that is noticed is the broadness
of the transition in Mn3Sn0.85C (Fig. 3(c)). At the transition, the increase
in magnetization extends from 275K to 225K with the hysteresis between
FCC and FCW cycles extending even further down to 200K. In comparison,
in Mn3SnC0.8 (Fig. 3(b)), the increase in magnetization is much sharper but
the hysteresis extends over a wide temperature range.
Isothermal magnetization in a field interval of 0 to 7 Tesla have been
recorded at several temperatures near the respective Tms of the three com-
pounds. Magnetization was recorded in the first two quadrants, that is,
while ramping the magnetic field up to 7T and then down to 0T. Before
each measurement, the samples were cooled from 350K in zero applied field
(ZFC) to the target temperature. At the transition temperature, magneti-
zation was recorded by ramping the field up and down in the interval 0 to
7 Tesla for several cycles. All these results are presented in Figs. 4, 5 and
6 for Mn3SnC, Mn3SnC0.8 and Mn3Sn0.85C respectively. Magnetic ordering
in Mn3SnC is quite complex. Two of the three Mn atoms couple antiferro-
magnetically with their spins essentially pointing in the x − y plane while
the third Mn atoms align ferromagnetically with their spins pointing along
the z− axis. Such an ordering has been attributed to elongation of Mn6C
octahedra along one direction and shrinking along other two [13].
In case of Mn3SnC (Fig. 4), magnetization behavior above the transition
temperature (for instance at 290K) resembles that of a paramagnet. As the
temperature is lowered and approaches Tms, a crossover in magnetization
curves is noticed. Here as the magnetic field is increased from 0 to 7T,
the magnetization acquires a high value initially and then decreases slightly
before increasing again up to 7T. While the field is decreased back to 0T, the
magnetization has a normal behavior down to about 3T. Below this value of
magnetic field there is a cross over and the magnetization loop is inverted
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which implies that the magnetization while decreasing the magnetic field has
a lower value than that while increasing the field. This behavior continues
well below the transition temperature. Upon reaching 0T, if the magnetic
field is ramped again, magnetization follows a completely different route.
There is no cross over and the loop is normal (see inset of Fig. 4). The
inverted behavior is obtained only for the first cycle after cooling the sample
in zero field from a temperature well above transition temperature (350K).
The inverted behavior of magnetization is also obtained in case of Mn3SnC0.8
(Fig. 5). Here, the magnetization loops are inverted over the entire field
range except very near to transition temperature (∼ 270K). The inverted
hysteresis loops appear at 273K and are present down to 265K. A completely
opposite behavior is noticed in case of Mn3Sn0.85C (Fig 6). All the hysteresis
loops recorded in the temperature range from 270K to 240K exhibit normal
behavior and show a monotonic increase with increase in applied field. Un-
like in case of Mn3SnC and Mn3SnC0.8, the magnetization behavior recorded
during first cycle after zero field cooling is repeated during all subsequent
cycles.
Inverted hysteresis loops in Mn3SnC have been ascribed to be due to
a time delay between ferromagnetic and antiferromagnetic ordering [16].
Therefore absence of inverted M(H) loops raises questions about the na-
ture and interplay of ferromagnetic and antiferromagnetic interactions in
Mn3Sn0.85C. While, from the isothermal magnetization it is clear that both,
ferromagnetic and antiferromagnetic interactions are present in Mn3Sn0.85C,
their time evolution is not very clear. To further understand the magne-
tization dynamics, time dependent magnetization studies were carried out
on these three compounds, Mn3SnC, Mn3SnC0.8 and Mn3Sn0.85C and these
results are presented in Fig. 7.
The time dependent magnetization data presented here in Fig. 7 though
follows a similar protocol as in Ref. [16], have been recorded at Tms. Here
too, the samples were cooled in zero field from 350K to Tms and a field of
5T was applied and magnetization was recorded for one hour. The resulting
magnetization shows a initial rapid decrease followed by much slower de-
crease. The rapid decrease has been ascribed to onset of antiferromagnetic
interactions while the lattice expansion at the Tms is responsible for slower
dynamics. A pronounced discontinuity is also visible due to equilibration of
the two magnetization processes. Distinct differences emerge in the magne-
tization relaxation process in the three compounds. While the discontinuity,
in comparison to Mn3SnC, is highly pronounced in Mn3SnC0.8, it becomes
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very feeble in Mn3Sn0.85C. Such a behavior is not entirely surprising given
the fact that both temperature dependence of magnetization as well as lat-
tice constant shows a broad magnetostructural transition in Mn3Sn0.85C. A
pronounced discontinuity as seen in case of Mn3SnC and Mn3SnC0.80 im-
plies, spin flipping from vertical (along (001) direction) to horizontal (in the
x− y plane) occurs at a much faster rate as compared to lattice expansion.
Estimation of the two characteristic relaxation times, (τ1 and τ2) using the
relation M(t) = M(0) exp(−t/τ) supports this point. In Mn3SnC, the two
characteristic times were estimated as, τ1 = 75s and τ2 = 708s and in case
of carbon deficient compound their values were 109s and 974s respectively.
On the other hand the estimated values of τ1 and τ2 in Mn3Sn0.85C were
335s and 357s respectively. Similar values of τ1 and τ2 could be the reason
for negligible discontinuity in time dependent magnetization in Mn3Sn0.85C.
Further, a comparison of values of τ1 in the three compounds indicate that
antiferromagnetic spin flipping slows down with both, C and Sn deficiency
and the slowing down effect is much more in Mn3Sn0.85C. At the same time
τ2 values indicate that, in Mn3SnC0.8 compound the lattice becomes more
rigid compared to Mn3SnC while Sn vacancies allow a facile expansion of
lattice at the structural transition.
In the time dependent measurements, after recording magnetization of the
compound as a function of time for one hour, the field was withdrawn and the
sample temperature was held constant at Tms for about four hours. The field
of 5T was reapplied and magnetization was recorded for the next one hour.
These data for all the three compounds is presented in the inset of Fig. 7. It
can be seen that the withdrawal and reapplication of magnetic field has little
or no effect on the magnetic order that prevailed at the end of the first hour.
This indicates that all dynamics have seized and an equilibrium situation
has been established within the first one hour. This is also indicated by the
values of τ2 which are about 6 minutes in Mn3Sn0.85C compound and 12 to 16
minutes in the other two compounds. Under equilibrium conditions, Mn3SnC
has the least ferromagnetic moment, and it increases for both, Mn3SnC0.8
and Mn3Sn0.85C. The Mn3Sn0.85C compound has the highest ferromagnetic
moment at its Tms. This indicates that ferromagnetic interactions strengthen
with the introduction of C or Sn vacancies in the antiperovskite lattice.
The nature of magnetocaloric effect (MCE) is very sensitive to type and
strength of magnetic interactions. While Mn3GaC exhibits a large inverse
MCE due to its antiferromagnetic ordering, the presence of ferromagnetic
interactions result in a normal MCE in Mn3SnC. In Fig. 8, isothermal en-
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tropy changes occurring in the three compounds at their Tms are presented.
The entropy changes are normal in all three compounds but the magni-
tude of entropy change is much smaller in case of Mn3Sn0.85C compared to
the other two compounds. A marginal increase in entropy is noted in case
of Mn3SnC0.8 as compared to Mn3SnC. The decrease in magnitude of the
entropy in Mn3Sn0.85C is surprising because of the presence of strong fer-
romagnetic interactions as indicated by time dependent studies and hence
can be only reconciled to be due to presence of equally strong antiferromag-
netic interactions. A competition between these two interactions can result
in both, broad transition and a smaller entropy change. Further, studies on
Mn3Ga1−xSnxC have shown that the strength of antiferromagnetic interac-
tions are critically related to distortions of Mn6C octahedra or lattice strain
and the effect of lattice strain can be seen in the variation of entropy peak
as a function of magnetic field [19]. To check the effect of lattice strain
in all the three samples, the change in peak temperature of entropy peak,
∆T = Tpeak(H)− Tpeak(0.1T ) is plotted as a function of applied field in the
inset of Fig. 8. Smaller the change in peak temperature more rigid are the
Mn6C octahedra. From the figure, it can be clearly seen that the Mn6C octa-
hedra are most rigid in case of Mn3SnC0.8 while they experience a lesser strain
in Mn3Sn0.85C. Therefore presence of both, antiferromagnetic and ferromag-
netic interactions with nearly equal strength in Mn3Sn0.85C gains weight. A
deficiency of carbon, however, results in more rigid Mn6C octahedra and
stronger ferromagnetic interactions. This scenario is also supported by the
increase in magnitude of MCE peak in Mn3SnC0.8 as compared to Mn3SnC.
Thus the magnetization studies on Mn3SnC, Mn3SnC0.8 and Mn3Sn0.85C
indicate that C and Sn do play a role in magnetostructural transformation in
this antiperovskite. The primary role of Sn and C is to allow distortions in the
manganese octahedra. Previous EXAFS studies on such Mn based antiper-
ovskites have shown that such distortions result in long and short Mn-Mn
bonds resulting in ferromagnetic and antiferromagnetic interactions respec-
tively [17, 13]. Particularly in case of Mn3SnC, the distortions are such that
one third of the Mn–Mn distances elongate while the other two third shorten
with respect to the distance expected for cubic symmetry [13]. This would
imply, elongation of Mn6C octahedra along the z− axis and a contraction
in the x − y plane. In the present study, C deficiency results in strength-
ening of ferromagnetic interactions. It is possible that carbon vacancy at
the centre of the octahedra, results in further elongation of the octahedra.
The elongation produces a tensile strain making the octahedra more rigid as
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well as strengthening the ferromagnetic interactions due to longer Mn–Mn
distance. In comparison with stoichiometric Mn3SnC, the effect of stronger
ferromagnetic interactions and more rigid octahedra is responsible for pres-
ence of inverted magnetic hysteresis loops over a larger temperature as well
magnetic field range, strong discontinuity in the time dependent magnetiza-
tion measurements, increase magnitude of the entropy peak and a smaller
∆T with increasing magnetic field. On the other hand, the deficiency of Sn
atoms results in alleviating the strain on Mn6C octahedra and allows for a
wider distribution of Mn-Mn bond distances. Such a distribution is respon-
sible of a broad magnetic transition as well as stronger ferromagnetic and
antiferromagnetic interactions as compared to Mn3SnC.
4. Conclusions
In conclusion, the present studies on Mn3SnC0.8 and Mn3Sn0.85C antiper-
ovskites indicate that both C and Sn atoms distort the Mn6C octahedra so
as to alter the dynamics as well as statics between ferromagnetic and anti-
ferromagnetic interactions. While deficiency of C results in a tensile strain
on the Mn6C octahedra which strengthens the ferromagnetic interactions, Sn
deficiency alleviates the strain allowing for a wider distribution of Mn–Mn
bond distances resulting in strengthening of both, ferromagnetic and anti-
ferromagnetic interactions. Thus, both Sn and C play a role of confining
Mn atoms to form a distorted octahedra which is responsible for complex
magnetic state seen in Mn3SnC.
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Figure 3: Temperature dependent magnetization of Mn3SnC, Mn3SnC0.8 and Mn3Sn0.85C
recorded during ZFC, FCC and FCW cycles in 100 Oe.
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Figure 4: (a) Zero field cooled two quadrant magnetic hysteresis loops in Mn3SnC around
Tms = 284K. (b) M(H) loop at Tms during first cycle after cooling in zero field from 350K
and subsequent two cycles.
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Figure 5: Magnetic hysteresis loops in Mn3SnC0.8 around Tms = 270K. Each time the
sample was cooled from 350K to target temperature in zero field.
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Figure 6: Magnetization behavior in Mn3Sn0.85C around Tms = 245K during increasing
and decreasing field cycles. The sample was cooled in zero field from 350K to the target
temperature for every measurement.
17
0.0 0.2 0.4 0.6 0.8 1.0
2
4
6
8
10
M
ag
ne
tiz
at
io
n 
(e
m
u/
g)
Time (hours)
ZFC from 350K and H = 5T
Mn3SnC
Mn3SnC0.8
Mn3Sn0.85C
5.0 5.2 5.4 5.6 5.8 6.0
2
4
6
8
10
M
ag
ne
tiz
at
io
n 
(e
m
u/
g)
Time (hours)
After 4 hours wait time, H = 5T
Figure 7: Time dependent magnetization behavior in Mn3SnC, Mn3SnC0.8 and
Mn3Sn0.85C at their respective Tms for the first one hour after application of magnetic
field, H = 5T. The samples were first cooled in zero field from 350K to Tms. Inset shows
magnetization as a function of time, five hours after the initial application of field.
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Figure 8: Isothermal entropy change in Mn3SnC, Mn3SnC0.8 and Mn3Sn0.85C around
their respective Tms calculated for 0T ≤ H ≤ 7T. Inset shows variation of change in ∆T
with magnetic field.
19
